An architectural heritage object carries heterogeneous and multi-layered information beyond physical characteristics. It requires an integrated representation of various types of information for understanding and management prior to the decision-making process of conservation. This requirement is a twofold manner consisting of representation and management processes. There exists a variety of approaches for representation of heritage objects in digital three-dimensional (3D) environment, but the selection of the appropriate one according to the needs is crucial. On one hand, there have been recently great attempts to adopt Building Information Modeling (BIM) for historical buildings. Nevertheless, the related works in the topic focus mainly on pre-processing of data, such as the integration of born-digital material into a BIM environment and the creation of parametric objects according to historical building characteristics. As the information management of a historical building requires enhanced attribute management and integration of different datasets, further investigation on the BIM capabilities in management terms is crucial. On the other hand, Geographical Information Systems (GIS) have great potentials in exploring spatial relationships, but their potential in 3D representation is still somehow limited. The paper reviews and evaluates the roles of BIM and GIS, highlighting their advantages and disadvantages for integration, retrieval and management of heterogeneous data in the context of historical buildings.
INTRODUCTION
Drawings are indispensable documents not only in architectural conservation but also in its major field, architecture, though they may show an important limitation: they are often composed of "just" geometric features and some textual annotations, without any explicit semantic and structural characterization among the various geometric features. Indeed, relational and conceptual data might be hidden beyond pure geometric data. For deciphering and assessing data beyond them, the use of information management systems is crucial. The digital management of architectural heritage information is still a complex problem, as an architectural heritage object requires an integrated representation of various types of information in order to develop appropriate conservation strategies.
Research Aim
Today, three dimensional (3D) digital models of architectural heritage are found as indispensable representations for heterogeneous data management. Nevertheless, moving towards 3D models from two dimensional (2D) drawings is not only the creation of volumetric objects but it is actually a more complex process, in particular "if" conservation professionals need not only to navigate through documents but also to perform spatial and multi-criteria queries in a virtual 3D environment for taking conservation decisions. If this is the case, a "simple" 3D geometric object is in fact not enough, as it lacks for example any information about its internal structure and the mutual relations between the compounding architectonical elements. Therefore, such conceptual organization is of great importance, as a cognitive representation is needed. If the geometric 3D model is enriched by means of such mutual and hierarchical relationships, then access to the information through a digital 3D model can be more efficient. Consequently, a management process indicates three main stages, i.e. the conceptual modeling phase, data structuring phase and the data representation phase.
With the above mentioned points in mind, the motivation of this paper is to present the roles, potentials and distinctions of Building Information Modeling (BIM) and Geographical Information Systems (GIS) in systematic conceptualization, structuring and representation of the architectural heritage data for its exploration and better understanding. Both BIM and GIS approaches have been tested on a historical building, using as case study Kurşunlu Khan (Manisa, Turkey). Throughout the experimentation, Autodesk AutoCAD 2011 has been the tool for 2D drafting, while Autodesk Revit Architecture 2013 is employed for the BIM approach. Esri ArcGIS 10.1 with compatible 3D modeling software Trimble SketchUp 7.0 and Autodesk 3DS are used for testing the GIS approach. In addition, the use of born-digital data is beyond the initial goals of this study as we mainly focus on representation and structuring of the archival and historical data, both in graphical and non-graphical formats.
Related Works
Till today, only a few researches have focused on data management at single-building scale with Geographical Information Systems, but in these studies the subject is bounded to limited concepts (Guarnieri et al. 2010; Stefani et al., 2010) , which is not leading us to understand heritage values such as the historical, social, cultural, architectural ones, etc. corresponding both to scientific and educational aspects. There are also researches investigating different information systems (De Luca et al, 2011; Pecchioli et al., 2011) , and focused at urban and archeological scale (Meyer et al., 2007; Agugiaro et al., 2011) . Each one of these studies is invaluable in the subject but they are not offering a general approach which architect-restorers can easily apply and widely use for managing information related to historical buildings. Finally, there are researches making use of Building Information Modeling (Fai et. al, 2011; Apollonio et al., 2012; Murphy et al. 2013 ), but they are focused more on integrating born-digital data into the information system and not to the management phase. In addition, data processing for enhanced data management tailored at decision support systems (DSS) for conservation purposes are not considered yet, so this subject of research has not come to a definite solution, yet.
UNDERSTANDING ARCHITECTURAL HERITAGE
Understanding of any component of heritage is beyond understanding the physical characteristics of existing building, because each individual heritage object is a message from the past, and it remains as living witnesses of the age's tradition (The Venice Charter, 1964) . All elements of architectural heritage are irreplaceable expressions of the diversity of culture (European Charter of the Architectural Heritage, 1975) . In conservation discipline, the architect-restorers' aim is to preserve the aesthetic and historic value of the monument (The Venice Charter, 1964) . In this context, architectural heritage objects are not only physical artifacts but they also have intangible values. Such values are also crucial for answering the questions of "what", "why" and "how" to conserve those objects (Avrami et al., 2000) . Recording and assessment are the first phases helping us to answer these questions and supporting the decision-making phase. These steps are essential in order to firstly acquire knowledge for advanced understanding of architectural heritage, secondly to involve the people in the preservation of the heritage through the dissemination of the recorded information, and thirdly to ensure the maintenance and the conservation of the heritage (Letellier, 2007) . In this frame, it is crucial to manage heritage information based on correct documentation and assessments so that its holistic conservation can be achieved.
REPRESENTING ARCHITECTURAL HERITAGE
The use of drawing in architecture is not just a process of passive transcription. It is mainly an analysis, conceptualization and projection tool (Lichtenstein, 1989) . Therefore the representation is a knowledge extraction problem (De Luca et al., 2006) . One can easily capture the same concept not only with manual but also with semi-automated or automated methods prior to representations regarding architectural heritage. Whichever method is used, it is important to understand the shape and geometry of the building elements in depth; only then, it is possible to represent the building appropriately.
On the other hand, in recent years, architects and restorers have started to use computer-based techniques more and more frequently due to the advantages the digital technologies possess such as tools for digital data acquisition, digital reconstructions, virtual-museum applications, etc. These advances in information technologies allow researchers to represent digitally historical buildings in 3D. This becomes an important topic, as 3D models are not just visualization, but also representation of the architectural features, history, values, etc. Furthermore, access to the information through a digital 3D model as an interface is considered one of the most efficient ways for better comprehension. Regarding the geometric models, there are mainly two 3D modeling paradigms (Kolbe and Plümer, 2004) , namely the Constructive Solid Geometry (CSG) and Boundary Representation (B-Rep) (Figure 1 ). In the B-Rep approach, one needs to define each surface of a volume as a (set of) polygon(s), whereas in CSG each geometry is defined as a volumetric object. If one thinks about modeling a simple prism, he/she needs to draw six surfaces with B-Rep, while he/she needs only three parameters (height, width and depth) for one single object with CSG. Both modeling paradigms have pros and cons; and the crucial decision is to select the right method corresponding to the project needs. Besides geometry, architectural heritage objects carry a large amount of heterogeneous data because of their physical and historical complexity. Because of that, a large amount of heterogeneous information exists beyond 3D data (De Luca et al., 2011) . In this frame, representations must be structured according not only to definitional but also to relational characteristics. At the same time, it is essential to integrate different kinds of data to the geometrical features for accessing and structuring information.
MANAGING ARCHITECTURAL HERITAGE INFORMATION
Management of architectural heritage information is crucial for better understanding heritage data, and for the development of appropriate conservation strategies. The management process involves generation of both 2D and 3D digital visualizations, definition of parameters and relations among the data, structuring those, and representing structured data through visualizations. Therefore, for better comprehension a crucial point in a database system is the possibility to integrate and manage heterogeneous data that will be linked to a multilayered 3D model.
Building Information Modeling
Building Information Modeling (BIM) offers an integrated approach for overall design, construction and post-construction process in architectural and engineering industry (Eastman et al., 2008) . The system follows the Constructive Solid Geometry (CSG) modeling paradigm. Nevertheless, building components are more "intelligent" in BIM: building elements are not only graphical expressions, but they also own shape attributes. From a geometrical point of view, each element is a parametric object and we can automatically modify or update it by changing parameters and rules. Moreover, BIM provides the possibility to represent all views (3D model, plans, sections, elevations, and details) automatically. By these means, it offers improved visualization and coordination between drawings.
Geographical Information Systems
Information produced during the documentation and analysis phases is huge in quantity and characterized by huge heterogeneity. At this point, information technologies also help us to organize and structure the data. There are (some) prejudices regarding Geographical Information Systems (GIS) when applied to heritage buildings, as the term "geographical" is understood as if it would refer to only X,Y,Z coordinates. However, a GIS is not bounded to a local or global situation, it refers to spatial relationships. In this frame, GIS are computerized systems designed for the storage, retrieval and analysis of geo-spatial data. Till today, GIS proved their great potentials in exploring spatial relationships of demographic, cultural, economic and geographic areas, but their potential in management of architectural heritage information at singlebuilding scale has not come to light, yet.
A Case Study: Kurşunlu Khan in Turkey
As the main motivation is to make use of existing data, the best approach was to select a building typology that has been extensively studied. In this context, a 15 th century khan*, namely Kurşunlu Khan (Manisa, Turkey) is chosen. Kurşunlu Khan had a series of alterations and different interventions carried out in different time periods, mainly in the 19 th century and at the beginning of the second half of the 20 th century and today (Figure 2) . This leads to a layered superstructure, which is very common in historical buildings. By this means, the chosen case study is also suitable for illustrating architectural, spatial, temporal changes and related analysis. Textual data (archival information, written documents); 2.
Raster data (photographs, maps, scanned documents); 3.
Vector data (2D measured drawings, sections, details; building's geographical location, neighborhood).
All data types share a common ground, namely the building elements, such as walls, columns, openings, flooring, ceiling, etc. Therefore, a better management of architectural heritage information necessitates structuring according to these elements. The data to be linked to the building elements are categorized into the following themes: 1. Descriptive texts; 2.
Photographs; 3.
Textual data on architectural and spatial characteristics; 4.
2D digital drawings; 5.
Alterations; 6.
Structural and material analysis; 7.
Temporal phases, sources and reliability; 8.
Interventions.
Regarding the 3D model to be created, it is fundamental to define in advance a list of all architectonical elements we may * khan is a type of inn built within towns that effectively functioned as a trading center and hostel; and was intended primarily for people, providing food as well as shelter for travelers and traders (Encyclopedia Britannica, 2013) .
need for the khan, as well as the hierarchical and mutual relationships between different elements (please see Figure 7 in Appendix A for a formal representation as UML diagram). In order to achieve that, defining an ontology is indispensable for covering all attributes related to geometries, relationships and hierarchies (Kolbe and Plümer, 2004) .
At the same time, it is important to identify and organize the workflow pipeline presented in Figure 3 and Figure 4 , which is intentionally planned to remain technology independent, with the goal to test whether how and to which extent a BIM or a GIS environment would allow us to implement it without too many changes. Digitization and sub-categorization of the building into architectural elements phases share in fact the same conceptual approach in both BIM and GIS experimentations. Another important aspect is the conversion of archival graphical data into digital format; nevertheless, this is a quite straightforward process, as computer based techniques are developed. The critical point in this phase is however the digitizing errors because of the line weights as hand drawings lead to uncertainty, and possible site survey errors. Therefore, we work with mid-range accuracy in which there can be up to ±10 cm inaccuracy with regards to the real world measures. This corresponds to line inaccuracies up to ± 1 mm in the 2D drawing (given for example a scale of 1:100).
Experimentation with BIM:
With respect to the data processing in a BIM environment, some initial tests were performed within Autodesk Revit Architecture 2013. Revit is based conceptually on elements ( Figure 5 ) such as model elements (consisting of building elements), view elements (representing different 2D and 3D viewpoints), datum elements (representing grids, plans, etc.), and view-specific elements represent annotations. More in details, the model elements are categorized according to typological classes, which are called families. There exist several libraries of building elements in Revit environment. However, one of the first drawbacks is due to the fact that a historical building requires the creation of new architectural elements, namely "new component families" in Revit. Each architectural element is different from each other as at that time period there was no industrialization in construction. Each architectural element (e.g. wall, column, arch) varies in characteristics and carries different parameters. So, there is a great diversity in the characteristics of each element of a historic building; moreover, these types of specific elements are not covered in any BIM environment, representing therefore a problematic aspect tied to the BIM-based approach.
The creation of new elements and families is a process which is indeed extremely time-consuming, but if once new families are created according to construction technique and architectural style (e.g. buttress, cross vault, ionic column), an extended architectural elements library is generated. Afterwards, it is possible to modify these elements by simply changing parameters. After completing spatial data processing, it allows the integration of the generated 3D model with non-spatial data with the help of add-ins, e.g. Autodesk Revit DB Link, which provides the connection to external tables in Excel, Access or to any ODBC-compliant data-source.
Another critical aspect throughout our experimentation is the integration of new elements and the definition of families according to other criteria than those predefined in the software is inconvenient. Grouping and hierarchically relating them to each other is indeed a complicated process. This allows us to stress out that BIM is still problematic for both creating uncommon elements and hierarchically relating them.
Experimentation with GIS:
Concerning the data processing in a GIS environment, the database was structured in order to exploit the advantages of Geographical Information Systems for the management of the architectural heritage data.
Regarding the geometric modeling, firstly, the whole building is generated in a bottom-up approach, according to the proposed hierarchy. Starting from the single architectural elements, they are modeled and grouped together recursively. In this context, Autodesk AutoCAD is used for 2D drafting, while Trimble SketchUp and Autodesk 3DS are employed for 3D modeling step as compatible software with Esri ArcGIS. A base set of 2D drawings and a 3D model is created in order to add different layers of information to create thematic maps. In addition, each building element is tagged with a specific ID in a systematic way. This allows us to organize data in different data sets, and to relate them to themes. Following this, tables consisting a variety of attributes are created for assigning different themes and organizing non-spatial data. Afterwards, in ArcGIS environment, spatial and non-spatial data is integrated i.e., attributes are joined to related building elements.
To this extent, the resulting database system gives the architectrestorer and conservation professionals the opportunity to locally access the data. It is possible to do single or multiple queries, and a simple navigation through the 3D model by means of ArcScene. In a GIS environment it is also possible to integrate more features, e.g. different datasets such as photographs, textual descriptions, and 2D thematic drawings. This system provides conservation professionals a better comprehension for both tangible and intangible features of the heritage object.
Bridging the Gap
It is possible to create and access semantically-rich objects in GIS environment (Kolbe and Plümer, 2004) . In this context, attributes can be easily joined to geometries and a relational database can be built in GIS, although "standard" GIS products are still limited with regards to 3D editing functionalities. They generally only allow construction of simple 3D elements as geometric primitives. So, creating and visualize complex 3D models using a GIS software can be still problematic. In order to solve this, any compatible CSG or B-Rep software can be used for modeling, coupled with some plug-ins for importing/exporting, but this inevitably makes the process longer. As an exemplification, we can create detailed 3D models in Autodesk 3DS or Trimble Sketch Up and import them into GIS environment with the use of plug-ins. However, in the conversion process, as the geometrical schemes and related descriptions are different and (sometimes) not compatible at all, some information might be lost during the process, so that particular attention must be paid during this phase.
On the other hand, in a BIM environment "intelligent" architectural elements and 3D digital models can be created. They consist of full architectural properties (dimensions, material, texture, etc.) , but there is a lack of integration of new attributes different than the architectural properties. More importantly, these elements are bounded to the specific library of BIM software. Creation of new elements and families is a long manual process, especially if we think that "historical" buildings are often composed of "non-standard" elements, or some architectonical features might be not used anymore, as BIMs are conceived for modern buildings. Today, there is a great attempt to increase BIM capabilities for more comprehensive, sophisticated and query-able characteristics, but there are no applications covering all these characteristics, yet (Garagnani & Manferdini, 2013) . There are researches on predata processing and integration of data in BIM for historical buildings, but the concern is on data exchange and integration of born-digital material into BIM environment (e.g. GreenSpider plug-in for Autodesk Revit 2012, as shown in Garagnani & Manferdini, 2013) . However, post-data processing for attribute enhancement and integration of different datasets is unresolved.
The Industry Foundation Classes (IFC), a standard data format developed by international Alliance for Interoperability, aims to cover both geometries and semantics (Kolbe and Plümer, 2004) . Recently new attempts for post-data processing and data management have been presented, both as open and commercial software solutions. Examples are Building Information Modelserver (http://bimserver.org/) based on IFC format, the Open BIM movement initiated by Graphisoft, Tekla and buildingSMART (http://www.graphisoft.com/openbim/) for enrichment of attribute data related to building elements, zones or complete buildings. Nevertheless, enhanced attribute management is not an integral part of them, yet. Therefore the integration of external attribute data is at the moment not fully covered. In addition, an architectural heritage object necessitates an integrated representation of different thematic drawings. This requires a multi-layered modeling approach in which we can select a theme (e.g. alterations, structural system and material usage) and represent it in a multi-layered 3D environment. Although, BIM allows temporal (4D) representations, other thematic representations are beyond capabilities of today's BIM approaches.
Therefore, today there is a great need, hence significant interest in the scientific community to bridge the gap in the information management of historical buildings, but as a multidisciplinary collaboration between information technologists and conservation professionals is needed, so it might still take some time to eventually bridge the gap.
CONCLUSIONS AND FUTURE PERSPECTIVE
In this study, we have reasoned about, tested and gathered experience of some capabilities of BIM and GIS through workflows for 3D modeling and information management of historic buildings prior to decision-making process of conservation ( Figure 6 ). This does not helps only management of heritage information for conservation planning purposes, but also it has digital archiving benefits. The model used for the tests (Kurşunlu Khan, Turkey) provides a systematic approach. Exploiting information beyond geometry is not a simple task which goes beyond simply "applying" Information Technologies (IT) to the field of architectural conservation. It is indeed a complex cognitive process requiring the creation of an ontology, the conceptualization of relationships and the specification of hierarchies. It is, in other words, an information extraction process, which does not only provide us to build an information system but also help us to understand heritage data beyond geometric features.
There cannot be a common model in heritage conservation, as each heritage object is unique and carry individual characteristics. Nevertheless, one can adapt and calibrate predefined models, according to each case's specific characteristics. As ICOMOS Charter on Interpretation and Presentation of Cultural Heritage Sites (2008) underlines, the representations should also allow intellectual access to cultural heritage sites by public, an essential future work will be to create different accessibility levels for different user groups. There will be different accessibility levels considering different Level of Details (LoD) according to user needs. This will also respond to educational aspects of conservation.
Integrating semantic attributes with hierarchically and mutually segmented 3D digital geometric models is indispensable for management of heritage information and supporting decisionmaking; hence there is a great need to exchange data between different applications. However, BIM and GIS worlds still remain distinct from each other regarding the information management of historical buildings. Each of the two has advantages corresponding to diverse necessities of information management, as well as the disadvantages leading to unsatisfactory solutions. Therefore, the use of contradistinctions for establishing a sort of BIM-and-GIS integration can start up a new approach in management of historical building information management. Combination of their strong parts might give the most affective consequences as both of them concern on "information". In this context, interoperability problems must be solved and lossless data exchange must be provided. By this way, it will be possible to integrate, retrieve and manage heterogeneous data in an enhanced way.
